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In: Symposium on Bums. National Research Council, Washington; p. 33. Anaesthesia for Burned Children By HARRY MIDDLETON, F.F.A. R.C.S. Consultant Anasthetist, Welsh Regional Burns Unit, St. Lawrence Hospital, Chepstow rfE present tendency to admit burns chiefly to special centres has resulted in burned children becoming the province of a relatively small number of anwsthetists. This paper is based on experiences with 500 burned children admitted consecutively to the Welsh Regional Burns Unit, Chepstow, of whom 21 died. 199 of these children required no surgery, but the remaining 301 underwent 502 procedures under general anesthesia, 10% suffered from infectious diseases on or after admission, and many had other complications such as are found in overcrowded and poor living conditions which themselves increase the risk of being burned (Tempest, 1956) . Adequate resuscitation is essential; for this, the chart of Lund and Browder (1944) simplifies the assessment of the burn, and a guide to the chances of death in each case may be obtained from the probit analysis of Bull and Fisher (1954) .
Personal contact with these children is the first essential for success. They arrive in hospital having suffered the most terrifying experience of their lives, they may be gravely ill, and they are going to be submitted to the ordeal of resuscitation and in many cases to multiple operations. Everyone in the unit must be a friend-the anmsthetist among them.
It is therefore preferable that the latter's visits should be frequent and made in his theatre clothing. The anesthetist is going to be glad of all the co-operation he can get, and familiarity may obviate the need for heavy sedation which he will be unwise to use.
Breathing exercises are instituted by the physiotherapists from the day of admission, and the use of a detergent aerosol to loosen mucus has been found of value. Some chest complications, however, are very intractable though they must not be allowed to delay operation once the time is ripe for surgery. A very few are undoubtedly due to the inhalation of smoke and hot gases and these patients must be checked for carbon monoxide poisoning, but Wakeley in 1941 and Wyatt and Khoo in 1950 described the presence of fat embolus in fatal burns and it is very probable that some of the cases which we describe as "chesty" preor post-operatively are suffering from this condition. This problem is undergoing investigation at the moment. It is possible that if fat embolus is implicated, one of the intravenous emulsifying agents may be found to be of use. The anmsthetist, then, is faced with complications which in most other branches of surgery would cause him to advise postponement, but this should be avoided in the treatment of a burn. Even though the patient's condition may appear critical, any delay will lead to deterioration and the anmesthetist's acceptance of the risk may be life-saving.
As it is seldom practicable to weigh a severely burned child, the pre-anwsthetic sedatives must be chosen on a basis of assumed weight, with due allowance for toxemia, pyrexia and depressed renal function. (The urinary chlorides should be estimated frequently by the Fantus test (Prendiville, 1954) .) I prefer to give papaveretum by intramuscular injection about an hour before operation, in the dosage recommended by Anderson (1951) ; the infants have pentobarbitone sodium by mouth up to 0 7 grain per stone (7 mg. per kg.).
Atropine complicates the regulation of temperature and therefore the dose should be minimal.
The severely burned child is largely deprived of her most important heat-regulating organ-the skin, by loss as burn and by loss as donor site. She is first of all rendered hypothermic by exposure under anmsthesia and by cold transfusions and then rendered potentially hyperpyrexial by bulky dressings which prevent normal heat loss. In hot weather, especially when humidity is high, these children must be supervised most carefully.
An indwelling rectal thermometer with a remote dial will be found useful.
The premedication ordered at the initial pre-operative examination may be the first of many and moreover it will err, if at all, on the safe side. In the course of the last six years I have developed a cumulative anaesthetic record system. This has proved of great value, not only in burns, but also in all the other multiple anmsthetics of pediatric and plastic surgery.
The object of this system is to ensure that experience of an individual response to premedication, anmsthesia and recovery is carried forward for the benefit of future procedures after making allowance for discrepancies due to mistiming of the premedication or to altered age or circumstances.
The choice of the anaesthetic to be used in the surgery of the severe burn should be governed principally by experience in the use of an agent rather than by the agent itself.
Edwards and his associates (1956) in their report on a thousand anesthetic deaths note the serious implications of departure from accepted practice and I would suggest that the severely burned child is not a subject for the use of unfamiliar drugs or techniques.
In this series we have used a variety of drugs and methods, but the majority of infants, and the more severely burned of the older children, have been induced with cyclopropane and oxygen and maintained with methyl n-propyl ether, oxygen and nitrous oxide. Most of the remaining children have had thiopentone, gallamine and nitrous oxide. I have followed Hewer's (1955) plan and have had the anwsthetic room ceiling decorated with an attractive washable wallpaper with coloured tropical fish. This provides excellent diversion for the child who is not asleep.
Cyclopropane has a vapour density of 21 compared with 14-3 for air. It may therefore be "poured" over the child's face from a tube concealed within the hand and the child will have no suspicion that it is being an&sthetized (Middleton and Picken, 1954) .
A mask is substituted as soon as consciousness is lost and oxygen is added to the cyclopropane.
Anesthesia deepens very rapidly and usually,in a very few breaths the jaw will relax and intubation is performed immediately. I cannot recommend that those who are not 46 35 890 Proceedings of the Royal Society of Medicine accustomed to the intubation of children should practise this technique of intubation under cyclopropane, as the relaxation wears off in a few seconds and leaves no time to spare. I advocate intubation most strongly and of the 502 anmesthetics given to these children 497 have been by the endotracheal route. Admittedly complications can occur, but they are far outweighed by the advantage of absolute control. With Prendiville I reported 4 cases (Prendiville and Middleton, 1954) , none of them fatal, of a condition similar to acute laryngo-tracheo-bronchitis occurring in burned children and Rook (1953) reported three similar. There were no other serious sequelk and only an occasional transient stridor.
Some burns around the neck and shoulders produce a surprising degree of cedema of the glottis which may embarrass the airway and on occasion we have had to intubate these children for the performance of elective tracheotomy.
Methyl n-propyl ether with oxygen and with nitrous oxide to make up an adequate flow rate is introduced as soon as intubation has been performed and is my choice for the maintenance of anmsthesia, in all infants, and in children who are severely burned. I use a home-made version of the Cardiff connector described by Picken (1950) for the infants, and a Magill or Westminster assembly for the others.
Anesthesia is kept very light indeed and methyl n-propyl ether has the advantage of flexibility, enabling anesthesia to be deepened very quickly if need be. Rapid recovery is the rule, and is particularly desirable because a child requires between 60 and 100 ml. of fluid by mouth every waking hour. Pre-operative starvation, and the recovery period, must be cut to a minimum to avoid dehydration.
It is essential that the transfusion be set up as soon as the anesthesia has been settled and surgery must not start until the drip is going well. Under anesthesia, veins will appear which were invisible before and it should be a matter of anesthetic morality not to take an easy vein if a difficult one will do. The external jugular vein is easily needled with a Guest cannula by turning the head to one side and by stretching the vein between the back of the forefinger and the thumb. A breath of strong diethyl ether at the critical moment will cause straining which will dilate the vein and facilitate the procedure. Once the cannula is in, it is sutured in position.
The rate of transfusion should always be kept level with the blood loss, which can be estimated with reasonable accuracy by the use of standard swabs. After use these are counterbalanced by clean swabs from the same batch and the weight in grams used to balance gives the blood loss directly in millilitres.
When replacing lost blood, it must be remembered that a standard bottle of 540 ml. of blood contains 120 ml. of anticoagulant and that deterioration takes place at the rate of 1 % per day for the first ten days and more rapidly thereafter. A bottle of blood near expiry therefore has a value of only about 300 ml. and the amount of useless fluid in a late dated bottle must be taken into consideration to avoid overloading.
If at any time it appears that blood loss is overtaking replacement and that shock may occur, the operation must be stopped and the child rested by covering up the wound and by lowering the head of the table. The operation must not re-start until the child is again in reasonably good condition.
The curettage of granulating surfaces to produce a good base for the reception of a skin graft is a procedure which seems to produce shock out of all proportion to the area involved. It is important to anticipate this, to rest the child from the operation at the earliest sign of trouble and to have adequate blood available for rapid transfusion if need be.
I have used elective hypotension on a few children having burns excised, using a drip 1 in 1,000 or 1 in 500 trimetaphan (Middleton and Kunz, 1956 ). This has produced a substantial reduction in hemorrhage and has shortened the operating time. The children have been notably unshocked. This technique causes a big saving to the blood transfusion service and avoids replacement by citrated blood. The acid citrate dextrose used to store blood is metabolized rapidly by the liver and is unlikely to influence clotting in quantities which do not produce cardiac arrest, but the transfusion of large quantities of stored blood may delay clotting due to a deficiency of platelets (Stefanini, 1954) . The citration of blood also causes a deviation to the left of the oxygen dissociation curve which lasts for several hours (Valtis and Kennedy, 1954) . Transfusion of such blood may cause an appreciable diminution of the child's oxygen-carrying capacity and may influence us to give a high oxygen percentage during anmsthesia and in the immediate post-operative period.
Perhaps the worst part of the operation in any surgical treatment of burns is the application of dressings. The burned patient, even without anaesthesia, is singularly susceptible in blood pressure-response to changes in posture and even the most careful application of Section of Ana?sthetics 891 dressings may cause collapse after an uneventful operation. Treatment is the adoption of the head-low position and if necessary an infusion of 1-noradrenaline. I find that, in practice, the severely burned are best transferred to bed in the theatre before withdrawal of the anesthetic. I then set up an oxygen tent but continue to administer oxygen through the antesthetic circuit until the tent oxygen concentration is high enough.
An oxygen tent, newly erected, increases its oxygen content at a rate of roughly 1 % per minute at a five litre per minute flow, so it is important not to be lulled into a false sense of security by its presence. A concentration of 50% should be obtained before the supply delivered directly to the child is disconnected.
In order to hasten the increase, a secondary oxygen supply is introduced into the tent (Middleton, 1955) , as it is not possible to introduce a high flow through the normal inlet, in most tents in use in this country.
All our patients undergoing surgery return to recovery wards in which oxygen and suction are piped to each bed. We have had six and a half years' experience of these wards and we are convinced that they are essential for really efficient management of post-operative patients. 21 deaths occurred in this consecutive series of 500 children. Many of these had no hope of survival and others did not undergo surgery before they died. Of concern to the anesthetist are the 6 who died following surgery: I. Christine, aged 7, arrived moribund with a 60% full-thickness burn. She was resuscitated, but by thFe ninth day she was so toxic that it was decided to excise dead tissue. 39 % of the body surface was removed in stages over two hours and twenty-five minutes using 150 mg. of thiopentone with nitrous oxide, oxygen, gallamine and pethidine. She was awake and talking at the end of the operation, but she died forty-five hours later from toxemia and septicemia.
II. Carol, aged 4/12, sustained full-thickness bums of most of her face. She developed enteritis, but was successfully anesthetized on two occasions for tarsorrhaphy and grafting. She died on the twenty-third day, five days after her last operation as a result of enteritis.
III. Yvonne, aged 6, had 70 % full-thickness bums. On the fifteenth day the burns on the anterior half of her body were excised. Induction was by cyclopropane and maintenance by methyl n-propyl ether, oxygen and nitrous oxide. Two days later she developed ileus and died on the third post-operative day.
IV. Christine, aged 5, had 55°/ burns, 48% full-thickness. She was in very poor condition, but her sloughs were stripped on the nineteenth day under a similar anesthetic to the last case. She remained toxic and died forty-eight hours later.
V. Sheila, aged 8, had a 54% bum, most of it of full-thickness and circumferential of the chest. She survived four operations with the same anesthetic sequence, cyclopropane, methyl n-propyl ether, oxygen and nitrous oxide within the first sixty-one days, but on the seventy-first day she succumbed to a sudden respiratory infection.
VI. Iris, aged 6, had 45°0 bums, almost all of them of full-thickness. She had a stripping of sloughs and application of electric dermatome grafts on the twentieth day, aneasthesia being as in Case V. She was in good condition post-operatively, but died with multiple pulmonary infarcts three days later.
These 6 deaths, occurring as they did after 502 operations in 301 children, do not give the impression that surgery or anesthesia in itself causes any increase in the mortality of burns in children-probably the reverse; and in none of these patients could death be attributed to anTsthesia. The implication is, in fact, that the anmsthetist undertaking the care of a burned child is faced with a patient whose life may be in jeopardy, but by failing to undertake a hazardous anaesthetic he may turn a likely mortality into a certainty.
The essentials of anaesthesia for burned children may be summarized as follows:
(1) The personal approach.
(2) The acceptance of the very bad risk.
(3) The careful choice of premedication.
(4) The use of a thoroughly familiar anesthetic sequence.
(5) The complete control of resuscitation during operation. (6) The prolongation of anTesthetic care into the recovery period.
My thanks are due to Mr. Emlyn Lewis and to Mr. Leonard Schofield under whose care these children had been admitted, and to the several anesthetists, notably Dr. John Greatrex and Dr. Jean
Horton who have given those anxesthetics in this series which I have not given myself. WYATr, F. P., and KHoo, P. (1950) Amer. J. clin. Path., 20, 637.
Mr. Emlyn Lewis regarded the anisthetist as the physiologist of the Burns Surgical Team, and stressed the importance of close liaison between the surgeon and the anesthetist in the treatment of the burned patient.
He stressed the magnitude of the problem in view of the massive excisions of full-thickness burns;
the importance of blood replacement during such excisions and, also, the value of hypotensive drugs during such excisions. He also expressed the opinion that, within the not too distant future, surgeons would be carrying out excision of massive full-thickness burns within the first few hours of infliction.
He emphasized that it was not the custom at Chepstow to give repeated aneesthetics for dressing purposes and, in fact, he strongly deprecated such procedures.
Dr. Patrick Shackleton was interested in Mr. Emlyn Lewis' suggestion that it might be of advantage to tackle these children within the first hours after they had been burned. He had worked for some years in a burns unit and had the feeling that there'was a brief period within the first few hours of the accident when it might be possible to do surgical excision or other procedures before the onset of hemo-concentration and shock. He asked whether there was a safe, if short, interval where surgical intervention would be practicable.
Mr. Douglas Jackson: Since the concept 6f early excision of extensive burns has been raised, I think it is worth mentioning our experience with it.
For the last ten years at the Birmingham Burns Unit it has been our practice to excise and graft small deep burns, such as those produced by molten metal, on the day of injury (Ross, 1950; London, 1953) . Since 1954, however, we have extended this to a trial of early excision and grafting in burns large enough to require intravenous colloid resuscitation. The largest area excised and grafted in this way has been 25 % of the body surface, and this has been done in patients with burns up to 55 % total area, excluding erythema. About 25 cases have now been treated in this way.
The operation is planned to close the wound or at least make it smaller at the earliest moment, and if possible before it has become contaminated, with the aim of lowering mortality, shortening healing time and lessening infection and discomfort.
The operation is a big one, but not technically difficult. It has been carried out in selected cases about six to eight hours after injury as it has usually taken us this time to resuscitate the patient and be sure that the blood volume is restored. An amount of blood is lost which is possibly a little greater than that following delayed grafting at two to three weeks if granulations are removed: it may amount to 1-1' blood volumes of blood in a child. Swab weighing and controlled blood replacement are required during operation, and pre-and post-operative red cell volume estimations are necessary with burns of'more than 20-30% total area to make the procedure safe. These investigations have been done by Dr. E. Topley using radioactive phosphorus or chromium techniques. With bums of more than 40% total area, post-operative blood volume estimations are particularly necessary since an amount up to 50% of the patient's red cells may be destroyed in the body during the first forty-eight hours after burning without visible evidence and in addition to the operation loss measured by swab weighing.
It is early days still to assess results but the procedure is certainly possible, and it appears to be safe provided that swab weighing and red cell volume estimations are used. It should be emphasized that this is not an operation upon a shocked patient but on a resuscitated one with a normal blood volume, during what is usually regarded as the "shock period" of the first forty-eight hours after burning.
